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Khoisan tonology, specifically !xoo tonology, has been argued to
have contour unit tones (Traill 1985), but Haacke 1992 argues for a de-
compositional approach to Khoekhoe. This paper gives evidence for a
decompositional approach for Ju/'hoasi and !xoo. The mora is the tone-
bearing unit, since the number of tones in a word is equal to the num-
ber of moras. The domain of tonal specification is the morpheme. There
are restrictions that occur in this domain, but not in polymorphemic
domains. Derived tonal sequences follow a stepwise pattern. A scalar
phonetically-based feature is proposed to elucidate the data.
. Introduction
Khoisan languages are spoken mainly in Namibia and Botswana, and are best-
known for their expanded consonant inventories. The tonal properties of Khoisan
are also very interesting. All Khoisan languages have four tone levels. Different
analyses have been proposed for the tone-bearing unit, and the domain of tonal
phenomena. Traill 1985 has proposed that !xoo has four different phonological
contour tones associated with the word. This analysis is based on his claim that
!x66 has contour tones on monomoraic words, and on the fact that four separate
level tonemes predict sixteen tonal patterns, but only four of these are attested. He
also claims that the contour tones on monomoraic words cannot be decomposed
into a sequence of level tones, since there is a phonetic fall or rise in pitch which
only occurs on the edge of the second mora, never at the edge of the first. Haacke
1992 argues for a decompositional analysis of tone in Khoekhoe (a Central
Khoisan language) and shows that monomoraic words in that language which
have contour tones can be traced to bimoraic words historically. Ju/'hoasi does not
have contour tones on monomoraic forms at all. It does have severe restrictions on
tonal patterns. Thus, the Ju/'hoasi tonemes are clearly all level tones that combine
in some circumstances to form derived contour tones; there are no phonological
unit-contour tones. I will show that !x65 tonemes are also all level tones, and their
surface contours are due to a phonetic word-edge effect. It is possible that this edge
effect might turn out to be phonological and be tied to the intonational system. I
will propose an optimality theoretic analysis of Ju/'hoasi tonology, which will
also be applied to !x66 tonology. The two main differences between the two lan-
guages is that all moras are tonally specified underlyingly in !x66 , but Ju/'hoasi
has some underlyingly toneless moras; and !x66 has a higher level non-lexical
tonal system.
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1 . Basic tonal properties of Ju/'hoasi
Ju/'hoasi has four distinct tone levels, as shown in (1) below:
(1) Tone levels in Ju/'hoasi (Dickens 1994)
SH (Super High)
H (High)
L (Low)
SL (Super Low)
The word type in Ju/'hoasi is severely restricted, so that only CV, CVV,
CVm and CVCV word types are found. CVV words can contain long vowels or
diphthongs, and [m] is the only coda consonant allowed. There are seven different
possible tone patterns, four of which are sequences of level tones, as well as two
rising tones, and one falling tone. Assuming that the tone-bearing unit is the
mora, if Khoisan tones are contour units, then we would expect contour tones on
monomoraic words. However, if tone units in Ju/'hoasi are single level tones that
combine with each other to form contours, then we expect only to find contour
tones on bimoraic forms. The data in (2) below shows that the level-tone analysis
makes the correct prediction, since contour tones only occur on bimoraic words.
The full range of patterns found on each word type is shown in (2).
(2) Tonal Patterns and Their Realization on Different Word Types
CV:
CVm:
ba
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M (Mid level)
LF (Low Falling)
As with Ju/'hoasi, !xoo has four possible word types. These are CV, CVV,
CVm, and CVCV. A contour unit tone analysis predicts that contour tones can
occur on monomoraic words, while a decompositional analysis predicts that only
level tones can occur on monomoraic forms. As shown in (4) below, all four tonal
patterns are realized on all different word types, including the monomoraic ones.
(4) CV:
CVm:
CVV:
te
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(6) Traill's contour tones Proposed tones
HF (High Falling) SH
MF (Mid Falling) H
M (Mid level) L
LF (Low Falling) SL
This alternative also accounts for the fact that a falling pitch contour only oc-
curs at the right edge of both monomoraic and bimoraic words. I argue that this al- I
ternative is better, since it allows for a decompositional approach to !xoo tonology
that makes it more similar to the other Khoisan languages, Ju/'hoasi and
Khoekhoe. The only difference, then, between !xoo and these other languages is
that !xoo has a phonetic edge effect, while the other languages have not thus far
been reported to have any such effect. It is not clear what exactly this edge effect
is. It may turn out that this edge effect is pragmatically, syntactically, or prosodi-
cally defined, but much further research will be necessary to determine the nature
of the effect. It is also interesting that all of the monomoraic words of the CV type
above are grammatical morphs. In fact all of the CV-type words in the entire !xoo
dictionary (Traill 1994) are grammatical morphs, and all of these are given in (7):
(7) The complete set of monomoraic words in !xoo
te' adverbial morph' te 'plural suffix' tu 'plural formative'
kd' diminutive prefix' sa 'diminutive form.' sa 'verbal formative'
se' noun suffix' si 'noun suffix' si 'transitive particle'
\e 'variant of pi.-teA
'
si 'sentence connector' n 'indicative formant'
n
l
noun class 5 pro' n 'class 5 pronoun, it' ne 'variant of comp.'
te 'plural suffix' ku 'indeed' ni 'variant of pi. teA
'
n '1st pers. sg. pro cl. 1' a 'past tense form.' ah 'class 2 pronoun'
eh '3rd person sg.pro.' i 'consecutive marker' uh 'second pers. plural'
uh 'third person plural' ?ahn 'conjunction for NPs' ?ah 'gosh'
ee 'yes' e 'can, could'
Traill (personal communication) has confirmed that these words are likely to oc-
cur at right edges of phrases, so I will suggest that it is quite likely that the falling
pitch found on these words is a boundary tone of some kind. Alternatively, it is
possible that these words have shortened and were historically bimoraic. Gram-
matical words are more likely to be shortened or contracted, since they tend not to
occur in positions of prominence. I will show in the last section of this paper that
the same constraints necessary for Ju/'hoasi can also account for the !xoo facts.
The question of the function of the boundary tone in this language is then an
^
empirical question that I will pursue in my future research. This hypothesis gives f
an equally strong explanation for the occurrence of monomoraic words with
contour tones. Under this hypothesis, monomoraic words all carry level lexical
tones associated with their single-tone moras, and the lower tone that makes the
contour unit derives from aspects of the phrasal tonology. This hypothesis allows
a stronger similarity between the tonal system of !xoo and the other Khoisan lan-
guages. Additionally, it allows for a much simpler tonal system in this language,
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where there are four separate level tonemes. Traill's hypothesis assumes that there
are three contour tones, and one level tone, which is very unusual from a cross-
linguistic perspective. Most languages that have contour tones tend also to have
level tones. For these reasons, I claim that the alternative hypothesis, that !x66 has
four level tones and some kind of phrasal tone occurring at the right edge of
words, is much more appealing. I will assume this analysis throughout the rest of
this paper.
3 . Other evidence for a decompositional approach to Ju/'hoasi
tonology
Ju/'hoasi has other evidence, in addition to the fact that monomoraic words carry
only level tones, that points more strongly to the necessity of a decompositional
approach to contour tones. There is one type of onomatopoeic pattern in Ju/'hoasi
in which the copied portion of the base word consists only of a single mora. In
these forms, the first mora of the base is copied along with the initial consonant.
Assuming that tones are copied along with the segmental material, the
contour-unit hypothesis predicts that the entire tonal pattern of the base word
should be copied along with the first mora. The hypothesis that tones are separate
level tones that combine to form contours under certain circumstances predicts
that only one level tone will be copied, since only one tone will be associated with
the copied mora. Onomatopoeic words that conform to this pattern are given in (8)
below:
(8) Onomatopoeic Pattern in Ju/'hoasi (N = Nasalization of preceding vowel)
(the underlined morph represents the copied portion)
txa txabe 'to be irritated (of one's eyes)'
ba
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are attested, as are sequences of two rising tones: SL L, and L H
, as well as one
falling tone, H L. In !xoo, only sequences of identical tones are attested.
(9) Predicted and attested tonal sequences
Predicted
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The situation is the same for interrupted vowels. The second mora of the
vowel is always completely predictable, being one step higher on the tonal scale.
This fact is shown in ( 1 1) below:
(11) The predictability of the second tone in words with interrupted vowels
a?aN 'no' ca?aN 'to be this high'
da?aN Tire 7 di?i 'to be in a hurry'
g±a?6 'species of wasp' jaq?6 'clean'
The predictability of the toneme in the second moras is indicative of these moras
being underlyingly toneless. However, there are other ways of interpreting these
facts. There are, fortunately, words that make the case stronger. There are some in-
terrupted vowels in monomorphemic trisyllabic words. These are the only such
words in the language, since morphemes are maximally bimoraic in Ju/'hoasi. A
few of these words are given in (12):
(12) Interrupted vowels: The only trisyllabic and monomorphemic words
du?urf
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(b) DEP MORA: Every mora in S2 must have a correspondent in S 1
.
(c) WORD = X: A word must be maximally a foot.
The constraint barring glottal stop codas crucially outranks the constraint
barring epenthetic moras as shown in the tableau in (14) below:
(14) CODA-m» DEP \i in Ju/'hoasi
/g!a?m /
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(16) Scalar Use of Pitch
<—SL L H SH—
>
Tsay 1994: [lp] [2p] [3p] [4p]
Yip's 1993 register features will not work for these cases. Yip uses two features to
handle tone. One is register, which is divided into the lower and upper registers,
and the other feature is [± high], which divides each register into [high] and [low]
tones. Under Yip's analysis, the four tone levels found in Ju/'hoasi and !xoo
would be characterized as in (17):
(17) Register Features (Yip 1993)
Register
Lower Register Upper Register
Low High Low High
(Super Low) (Low) (High) (Super High)
These features cannot give a unified characterization of the three contour tones
found in Ju/'hoasi, or in !xoo. I characterize the relationship of the two rising
tones in Ju/'hoasi as feature-filling rules in (18), since as I argued in section 5, in
at least some cases, the contour tones appear in cases where one of the moras is un-
derlyingly toneless. In the first rule, a low tone is inserted following a SL tone,
and the two tones will differ by one feature specification. In the second and third
rules, the adjacent tones will differ by two features. This misses the generalization
that all of the tone sequences are adjacent on the tonal scale. The characterization as
rules is used to make the problem clear, but I do not claim that rules are part of the
phonology. Constraints will be posited in section 8.
(18) Feature-filling rules representing the tonal relationship found in
Ju/'hoasi contour tones
0=> Low / SL
[high] [low] (Dissimilation of one feature)
[-upper] [-upper]
=> High / Low
[low] [high] (Dissimilation of two features)
[+upper] [-upper]
=> Low / High
[high] [low] (Dissimilation of two features)
[-upper] [+upper]
I thus propose a scalar feature for tone, which is shown in (19). This feature
is similar to Tsay's in that it is scalar, but it differs in that each tone level is char-
acterized literally by an addition of a new [pitch] feature. This new feature is simi-
lar to Parkinson's 1996 feature [closed], which accounts for the stepwise patterns
found in vowel-harmony systems. Each [pitch] feature constitutes a particle of
tone. When the particles are stacked up on each other, they become higher tones.
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This feature allows a unified characterization of the stepwise pattern found in
Khoisan tonology.
(19) Privative Scalar feature
SL L H SH
[Pitch] • • • •
[Pitch] • • •
[Pitch] • • 4
[Pitch] •
"
Khoisan tonal systems are stepwise, and thus predictable tonal patterns are
sequences of tones that differ only by one specification of the feature [pitch]. This
generalization canbe handled only by a scalar theory of pitch such as I have
proposed.
8 . Optimality theoretic analysis of the Ju/'hoasi tonal system
In this section, I will give an optimality-theoretic analysis of Ju/'hoasi lexical tone
using a unified constraint set. There are several assumptions implicit in my an-
alysis. First of all, I assume that contour tones in Ju/'hoasi arise from underlying
forms with only one mora that has a pitch specification, as was shown to be the
case for interrupted vowels and interrupted nasals. Secondly, I assume that moraic
structure is underlyingly present, which I justified by the fact that vowel length
is contrastive. Given these assumptions, the analysis is quite straightforward.
The fact that vowel length is constrastive in Ju/'hoasi is shown in (20):
(20) Vowel length contrasts in Ju/'hoasi
tshi 'to laugh' tshii 'terrapin'
bo 'to stoke a fire' boo 'axe'
The constraints needed to handle the analysis of Ju/'hoasi lexical tone are
given in (21). The constraint *T SH mediates against sequences containing SH
tones.
(21) *TONELESS: Every Mora must have a [PITCH] feature associ-
ated with it.
MORA =TBU: Every Toneme in SI must link to only one mora in
S2.
DEP [PITCH]: Every [PITCH] feature in S2 must have a corre-
sponding [PITCH] feature in S 1
.
*FALL: Tonal sequences should not fall in pitch. m
TONAL SIMIL- Adjacent moras must not differ in more than one
ARITY: [pitch] specification.
*T SH: SH cannot combine with other tones.
OCP: Adjacent tones within a morpheme should not be
identical.
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The first tableau in (22) shows that both *TONELESS and MORA=TBU
must dominate DEP[PITCH] in Ju/'hoasi. The underlyingly toneless nasal C can-
not surface without a tonal specification like the (a) candidate, as it will be ruled
out by *TONELESS. MORA=TBU rules out the (b) candidate, which specifies
both moras with the same underlying tone, giving an illicit doubly linked struc-
ture. DEP[PITCH] is violated by the predicted surface candidate, which adds one
i [pitch] specification, giving for this word, a L SL sequence, which is not the op-
timal form.
(22) *TONELESS, MORA=TBU » DEP [PITCH] in Ju/'hoasi
g!a?m
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(23) *FALL» DEP[PITCH] » OCP in Ju/'hoasi
g!a?m
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(25) *FALL» DEP[PITCH] » OCP in Ju/'hoasi level -tone words
n=toe
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(28) Forms containing high-toned suffixes
gumidi
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(30) *FALL » DEP[PITCH] in !xoo
dt
h
aba(LL)
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